The contamination of drinking water in Pakistan is a serious threat to its citizens. Urbanization leads to an increased demand of drinking water supply that leads to excessive drawdown that further causes lowering of water table. The current WASA (Water and Sanitation Authority) supply network does not fulfill the demand of a growing metropolitan city of Lahore. The drawdown of Lahore is absolutely reliant on Water and Sanitation Authority (WASA) water supply network that causes numerous problems due to inappropriate management of groundwater capital and increased urbanization. This research investigates groundwater qualities: Alkalinity, Arsenic, Calcium, chloride, Total Hardness, Magnesium, Nitrate, pH and Total Dissolved solids using geographic information system (GIS). Residents of high concentrated towns, like Samnabad Town, Allama Iqbal Town, Gulberg, Data Ganj Bakhsh Town, Ravi Town and Wahga town witness cut-down of water supply mainly due to over burden on tube wells. Chemical properties of drinking water show that most of the parameters were within the allowable limits of WHO whereas the pH, and arsenic values are higher than the average. Arsenic is a carcinogenic element which causes cancer and is higher in the drinking water. Finally, this study identifies highly contaminated groundwater zones and makes it convenient to find actual pollutants. Therefore, plans are needed to protect the aquifer.
Introduction
The decline of the environmental quality has come into being with the start of population increase that intervenes in industrialization, urbanization, modernization and vehicle era. With their introduction in the society, serious threats to air, water, soil, and food brought out and harm animal and plant communities which eventually threaten the human society. The environmental degradation is mainly due to the excessive population growth that leads to high fuel consumption, high rate of waste both in solid and liquid, irresponsible waste disposal, lack of industrial zoning and sustainable infrastructure. Water is a blessing for human beings, animals, plants and marine life. Human consume water in many ways primarily as irrigation to grow crops. It is also used as a source for drinking and cooking purpose and has different uses in industries. Today, water is used as a domestic as well as a commercial product. With the increase in the industrial activities around the periphery urban areas there is a high rate of negative impact over its natural existence. Pakistan has no exception to this, facing serious water degradation, especially in big cities, like Karachi, Lahore, Faisalabad, Rawalpindi, Multan, etc. In Lahore the water quality has affected and threatened the life of its citizens as the degradation of the environment is over its extreme condition. This research addresses the ground water contamination due to the intense misuse of water in urban areas. Pure and healthy quality of water supply is very important because it directly involves the public health. The WHO, (World Health Organization), Europe and United States have standards for water quality. Europe and United States follow their own standards. While countries which do not have their own water quality standards follow WHO water quality standards. In this regard, Pakistan Council of Research in Water Resources is running Water Quality Monitoring Program that ensures the water quality standards of WHO in Pakistan.
Lahore is one of the largest cities of Pakistan having a population of 11,126,285 people according to the 2017 census. The increased residential, commercial and industrial activities, lead to excessive pumping of ground water. Poor, fractured and old pipes, lead to the introduction of sewerage water into fresh drinkable water supply lines. The drinking water has been contaminated and is mixed with other vital substances that impure the drinking water quality. The present study represents the drinking water samples selected for the survey in assessing water pollution in Lahore city. These sample sites are selected on the basis of different land use. This will give the true picture about the existing situation of drinking water in Lahore metropolitan and a proper understanding for the stakeholders There is a very low trend towards the monitoring of water quality and is restricted to only few major cities [1] . The city without control measures is estimated to have a high rate of chemical contamination in the water supplied by the WASA. The rate of arsenic and pH are higher than the WHO standard. This study will help in identifying the common contamination in the drinking water of Lahore metropolitan and propose the filtration plants for its effective control. The quality of ground water of any region can be affected by man-made activities, land use and pollution sources from different means. There is a need to develop an effective pollution tracking tool that identify the origin of the pollution from the ground water. This will help in improving the efforts made towards water management in a cost-efficient way [2] . The most accepted result of climate change is the increase in the frequency and severity of weather elements. These weather elements create extreme weather events that include heavy rainfall leading to floods, cyclones, droughts, heat waves, extreme temperature range and wildfire. All this can influence the quality of drinking water. It affects the water catchment area as a result of which it contaminates the drinking water [3] . Pakistan is a land which came under the victim of many natural hazards in the past few decades. Moreover, it is fighting against terrorism which brings a state of emergency in the country. The system of distributing urban water holds a critical and important place in retaining public health and population growth. The universality of urban trends, old structures and increasing terrorism risks need proper modeling for giving response to any type of emergency which is unfortunately not very much developed. When giving response to any emergency situation there should be parallel activities that rely on the processing of continues information as well as formulating targeted response actions [4] . Internationally, we may see many countries become the victim in past when they don't address the risk. In 2013, 50,000 inhabitants of a town close to Bonn in North Rhine-Westphalia, Germany were at risk. The situation was taken under notice when frequent complaints from the residents were made regarding the contamination in the drinking water of that town. There was hardly any system for cutting down the water supply and was made after several hours. Residents who came in contact with the contaminated water had a toxic reaction. This was when a highly alkaline solution got mixed with the water supply and increased the pH value by 12. The lack of networking and automatic cut-off mechanisms with proper management is needed in such type of emergency conditions [5] . Arsenic is present in air, water as well as in the soil. Drinking water containing arsenic component can cause a wide range of skin and organ cancer. The huge amount of water intake containing arsenic compounds is causing great health issues throughout the world. Excessive concentration of arsenic in the body can damage human DNA [6] . Habitants that did not use piped water as a [7] . The amount of arsenic can be increased in cultivable soil once the soil is being irrigated with the arsenic water. This will cause a negative impact on the crops and vegetables [8] . Habitants that use those vegetables and crops grown from the irrigation of arsenic contaminated water have higher concentration of arsenic biologically. Higher consumption of such food leads to high degree of biological changes in the body [9] . A research carried out by [10] about the concentration of arsenic in human hairs. The results show that a high level of arsenic content is found in the hair sample of a newly born baby. Furthermore, the results showed that the arsenic can enter indirectly into the body without and direct excess through food or water intake. Sometimes air particles also become the cause of entering arsenic component into the human body.
Wild fire also threatens the water quality as it transfers eroded ash and soil fragments into rivers and other water reservoirs. The ability to minimize this factor of risk is to formulate effective plans for fire preparedness and to regulate measures after the fire came under control. In October 2013, the Balmoral fire affected 12,694 ha (Hectare) of Sydney's forested water supply catchment. It produces enough ash that had increased with fire intensity, with 6, 16 and 34 Mg ha −1 found in areas that are affected by low, high and extreme fire respectively [11] . Alleppey is a densely populated region of the Kerala state south India having a population of about 240,991. The main source of drinking water is groundwater which is mainly distributed through dug and tube wells. The region has excessive fluoride and salinity components in the groundwater due to the excessive pumping from a multi-layer aquifer system which are mainly sedimentary deposits. The water testing shows 62% of the groundwater of the area belongs to poor quality and is not according to the standards of BIS and WHO. There is a need for a proper system of quality check and treatment of the contaminated water as it is a serious threat to the consumers [12] . The increase in population growth has reduced the per capita water availability from 5000 cubic meters to 1000 cubic meter science 1951. The boundary of Lahore city has expended double from the last 15 years. Today it covers an area of 1772 km 2 and has an estimated population of 11.12 million according to census 2017. Similarly, the change in land use changes the natural water recharge. As more and more concrete structures and carpeted roads are constructed, less open spaces are available for the seepage of rain water for groundwater recharge. Today the groundwater is getting poorer in quality as well as in quantity. This is mainly due to the above-mentioned reason and dryness of river Ravi. The water [13] . The World Commission on Environment and Development (1987), defined sustainable development as "development that meets the needs of the present without compromising the ability of future generations to meet their own needs". This means that we must use water in such ways that will be easy to sustain for coming generations [14] . It has been observed that ground water plays an important part in the development of a region. Water resource especially the ground-water has the potential of controlling the economic development in the inland river basins of arid western China. This is mainly because of its stable quantity and quality. However, the utilization ratio of surface water has been increased in recent times. This has affected the ground-water recharge rate as the runoff has increased and it has declined the ground-water level of the area [15] .
Methodology
The methodology adopted in this research is field surveys that include GPS sur- 
Data Source
Data is being collected from both initial (primary) and secondary sources for conducting this research. Different Government department has participated in this research in sharing their data that is used as a secondary source of information in this research. Primary data includes the collection of water samples from the study area. For this purpose, field survey was conducted and maximum in- 
Sampling Techniques
The 
Sample Testing
Proper care and precautionary measures were carried out for bringing water samples to the laboratory. A total number of 09 parameters that include chemical in nature were tested at the laboratory (Table 1 ).
Results and Discussions
Today the whole world is facing a common challenge of urbanization and so does the Pakistan. Lahore is a rapid growing city after Karachi in Pakistan and is facing serious problems due to rapid population growth. Due to advance facilities in Lahore city as compared to other neighboring cities there is an additional increase in its population as more and more migrants are promoting the trend of migration in the city. With this shift, clean drinking water is becoming a rare commodity. Clean water supply is considered to be as one most important and essential urban facilities when talking about basic necessities in any urban development. In this regard, the impurities that are found through the testing of drinkable water supplied to Lahore metropolitan is discussed in this chapter. 
Alkalinity
Alkalinity is usually not a big determinant for estimating quality of drinking water. However, the concentration found in the study area has an average rate of 
Calcium
The concentration for Calcium found in the study area has an average rate of 38.34 mg/L. According to the test results, the Calcium concentration lies within the permissible limits. The highest concentration is 131 mg/L found at Tube well 6 which is located at Sheranwala Gate, Data Gunj Bakhsh Town whereas the lowest is 13 mg/L found in tube well 27 located at Block 6, Sec A2 Town Ship, Allama Iqbal Town. Figure 2 shows its spatial distribution.
Chloride
The most common method used to purify water is chlorination. shows its spatial distribution.
Hardness
WHO standard explains that the hardness level of drinkable water must not exceeds by 500 mg/L. The highest hardness level is 491 mg/L found at tube well 29 located at Nepier Road Mayo Hospital, Data Gunj Bakhsh Town whereas the lowest level is 59 mg/L at tube well 28 located at Zaman ParkGunj Bakhsh Town. The Figure 4 shows the spatial distribution of hardness in the study area.
Magnesium
WHO standard explains that the level of Magnesium in the drinkable water must not exceeds to 150 mg/L. The concentration for magnesium found in the study area has an average rate of 17.72 mg/L. According to the test results, the magnesium concentration lies within the permissible limits. The highest concentration is 81 mg/L found at tube well 2 located at Nehru Park, Samanabad Town whereas the lowest is 1 mg/L found at tube well 3 Babu Sabu Bund Road, Allama Iqbal Town. Figure 5 shows its spatial distribution. Bakhsh Town whereas the lowest is 7.11 pH found at tube well 9 located at Jia Musa, Ravi Town. Figure 6 shows its spatial distribution.
pH

Total Dissolved Solids
Total dissolved solids in drinkable water should not exceed the acceptable limit of 1500 mg/L as by the standard of WHO. The highest concentration is 1050 mg/L found at tube well 29 located at Nepier Road Mayo Hospital, data Gunj Baksh Tuwn whereas the lowest is 191 mg/L found at tube well 7 located at Sadiq Pura, Data Gunj Bakhsh Town. Figure 7 shows its spatial distribution.
Nitrates
According Musa, Ravi Town whereas the lowest is 0.28 mg/L found at tube well 28 located at Zaman Park, Data Gunj Bakhsh Town. Figure 8 shows its spatial distribution.
Arsenic
Arsenic in drinkable water should not exceed the acceptable limit of 50 ppb as by WHO Standard. The concentration for arsenic found in the study an average rate of 46.89 ppb. The highest concentration is 100 ppb found at tube well 9 located at Jia Musa, Ravi Town whereas the lowest is 24 ppb found at tube well 3 located at Babu Sabu Bund Road, Allama Iqbad Town. Figure 9 shows its spatial distribution.
Discussion
Drinking water quality directly revolves around the human health and is being studied in the research in terms to chemical parameters. The obtained samples were compared with WHO water quality standard. If the parameters exceed the acceptable limits of WHO standard, then the water become unfit for the drinking purpose and will eventually cause sickness and diseases. The introduction of impurities in the drinking water of Lahore metropolitan is mainly due to the old system of water supply that includes a network of crack pipelines. The cracked pipes installed at tube wells and otherwise might get contaminated as they are exposed to the under laying surface. These cracked pipelines have been running with the sewage pipelines. When the water is pumped from the well these cracks may suck the content of sewage pipes as well.
Another reason of ground water contamination is the flooded condition, i.e.
when rain water seeps and gets impurities of the ground such as garbage, waste water, the content of these impurities get mixed with the rain water and seeps into the ground. This will eventually pollute the ground water. Such a case is seen where hug dumps as well as waste water drains are located. Garbage dumps and waste water drain are not properly designed and huge amount of water get seeps with it having their side effects directly on the vegetation, human beings and animals.
Waste water coming from industries, domestic as well as municipal waste has become a serious problem to urban development. Most of the waste water is directly discharge into the water channels that supply irrigation water to the crops.
Such a case is seen in the BRB and Mian Mir canal. Less than 50% of the waste water in an urban city can be collected into a sewage collection system which will eventually become a part of a water channel; whereas only 10% of the waste water gets treated and discharged into a drain properly [18] .
Human activities mostly cause water pollution [19] . The primary reason for this cause is the unsafe disposal of wastewater into the water bodies like, canals, lakes, rivers, etc [20] . According to an estimate about 70% of the industrial waste and 90% of the raw sewage get untreated discharge into the water body in the developing world. And this percentage is much higher in the under developing nations. In Pakistan approximately 2000 million gallons of sewage gets untreated discharge into the water channels daily [21] . All these factors become the reason of impure ground water which directly threatening the human lives.
Conclusion
The contamination of drinking water in Pakistan is a serious threat to its citizens. Urbanization leads to an increased demand of drinking water supply that leads to excessive pumping. The current WASA water supply network does not fulfill the demand of growing city, Lahore. Residents of high concentrated towns, like Samnabad Town, Allama Iqbal Town, Gulberg, Data Ganj Bakhsh Town, Ravi
Town and Wahga town witness cut-down of water supply mainly due to over burden on tube wells. Chemical properties of drinking water show that most of the parameters were within the allowable limits of WHO whereas the pH, and arsenic values are higher than the average. Figure 6 and Figure 9 show the concentration of these parameters in the study area. Arsenic is a carcinogenic element which causes cancer if its concentration is higher in the drinking water. Lahore is pre- These issues will develop into worst scenario if immediate steps will not be taken in near future by the policy makers. It is predicted that the current study will provide some guides for the development of a comprehensive land use and water administration plan.
